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[0002] n/a 

FIELD OF THE INVENTION 

[0003] The present invention relates to medical devices and methods, and more particularly to 
a method and system for preventing post operative atrial fibrillation. 

BACKGROUND OF THE INVENTION 

[0004] Atrial Fibrillation (AF) is a common disorder related to abnormal beating of the heart. 
Specifically, instead of beating in a normal rhythm, the heart's two small upper chambers (the 
atria) quiver such that blood is not completely pumped from the atria. The residual blood may 
form a clot with devastating consequences. For example, if a piece of a blood clot formed in the 
atria leaves the heart and becomes lodged in an artery in the brain, a stroke may result. In fact, 
about 15 percent of strokes are related to atrial fibrillation. 

[0005] It is well documented that atrial fibrillation (AF), either alone or as a consequence of 
other cardiac disease, continues to persist as the most common type of cardiac arrhythmia. In the 
United States alone, AF currently affects an estimated two million people, with approximately 
160,000 new cases being diagnosed each year. The cost of treatment for AF is estimated to be in 
excess of $400 million worldwide each year. 

[0006] Post operative AF is a significant problem for hospitals worldwide with no effective 
solution. AF is the most common morbidity event after coronary bypass grafting. It has been 
estimated that the incidence of AF following coronary artery bypass graft (CABG) surgery is 
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between 25% and 40%. The rate is even higher for patients undergoing valve surgery either 
alone or in combination with CABG surgery. Although the AF may resolve itself within the first 
ten days following surgery, the problem is associated with high levels of morbidity during the 
post operative phase and can increase the cost of hospital stays by $20,000 or more. 

[0007] Although pharmacological treatment is available for AF, the treatment is far from 
perfect. For example, certain antiarrhythmic drugs, like quinidine and procainamide, can reduce 
both the incidence and the duration of AF episodes. Yet, these drugs often fail to maintain sinus 
rhythm in the patient. Cardioactive drugs, like digitalis, Beta blockers, and calcium channel 
blockers, can also be given to control AF by restoring the heart's natural rhythm and limiting the 
natural clotting mechanism of the blood. However, antiarrhythmic drug therapy often becomes 
less effective over time. In addition, while drug therapy may mitigate the incidence of AF once 
it develops, it does nothing to prevent the problem from occurring. 

[0008] Some investigators have attributed the cause of post-operative AF to an imbalance 
within the autonomic nervous system of the heart. The autonomic nervous system includes 
parasympathetic and sympathetic nerves. The parasympathetic pathway acts through a branch of 
the vagus nerve, which enters the heart near the ascending aorta. The sympathetic pathway acts 
through a nerve bundle called the cardiac plexus, which enters the heart within the Ligament of 
Marshall (LOM) as well as at other locations proximal to the cardiac plexus. The LOM is a fold 
of the pericardium from a developmental vestige of the left primitive veins, near the left atrial 
appendage. Under normal conditions, there is a balance between the sympathetic and 
parasympathetic stimulation of the heart. However, following surgery, there is an imbalance in 
the autonomic system resulting in an over-stimulation of the sympathetic pathway and/or an 
under-stimulation of the para-sympathetic pathway. This imbalance, due to the temporarily 
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depressed parasympathetic activation following surgery, possibly due to surgical trauma, edema 
and general side effects of cardiac surgery, could likely result in post operative atrial fibrillation. 

[0009] Attempts have been made during surgery to prevent post-operative AF. For example, 
surgical denervation methods remove the nerve supply to tissue by cutting or crushing the axons 
of nerve cells. On exemplary process, ventral cardiac denervation, entails the removal of nerves 
around large vessels at the base of the heart that run from the right side of the superior vena cava 
and end at the level of the midportion of the anterior pulmonary artery. The dissection starts at 
the right side of the pericardial cavity and the superior vena cava is completely dissected and 
separated from the right pulmonary artery. Then the fat pad around the aorta is dissected. 
Finally, all of the fatty tissues in the aorta-pulmonary groove and the inner half of the adventitia 
of the anterior pulmonary artery up to the left border are cut. 

[0010] Another technique intended to prevent non post-operative AF is radiofrequency 
catheter ablation, wherein a catheter having an electrode at its tip is guided to an area of heart 
muscle having an accessory pathway. The catheter is placed at the exact site inside the heart 
where cells give off electrical signals that stimulate the abnormal heart rhythm. Radiofrequency 
energy transmitted through the pathway kills heart muscle cells in the specific area. Therefore, 
that area can no longer conduct the extra impulses that caused the rapid heartbeats. 

[0011] Although radiofrequency ablation may be effective in some patients when medications 
don't work, the burst of radiofrequency energy destroys the tissue that triggers the abnormal 
electrical signals. Further, radiofrequency ablation techniques may lead to injury of contiguous 
structures, the development of thrombus and the risk of pulmonary vein stenosis. Finally, atrial 
pacemakers have been used as a treatment of AF. Pacemakers are implanted under the skin to 
regulate the heart rhythm of the patient. This, and the aforementioned procedures are invasive 
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and non-reversible and place patients exhibiting symptoms of post operative atrial fibrillation at 
unnecessary risk. 

[0012] In view of the above treatment limitations, it would be desirable to provide a 
reversible method and system of treating the nerves of the heart in order to reduce or eliminate 
sympathetic nerve stimulation to the heart in order to reduce the likelihood of postoperative atrial 
fibrillation. 

[0013] Also in view of the above, it would also be desirable to provide a permanent method 
and system of treating the nerves of the heart without causing significant damage to adjacent 
structures thereby limiting the risk of pulmonary vein stenosis, thrombus formation or 
endocardial disruption. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a reversible method of reducing the likelihood of atrial 
fibrillation after heart surgery. The method includes the step of reducing the temperature of 
selective nerve tissue with a cooling device until the nerve tissue is temporarily disabled. The 
cooling device can include a flexible catheter, a semi-rigid probe, or a rigid probe capable of 
chilling and freezing nerve tissue. 

[0015] In an exemplary procedure, the target tissue region is the posterior surface of the left 
atrium of the heart near a vestigial fold of the pericardium known as the Ligament of Marshall 
(LOM). By treating specific nerve regions in the heart for a predetermined period of time, until 
the nerve tissue reaches a predetermined temperature, the stimulation of the sympathetic nerve 
division of the autonomic nervous system can be controlled. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] A more complete understanding of the present invention, and the attendant advantages 
and features thereof, will be more readily understood by reference to the following detailed 
description when considered in conjunction with the accompanying drawings wherein: 

[0017] FIG. 1 is a schematic illustration of an embodiment of a cryosurgical system used with 
the present invention; 

[0018] FIG. 2 illustrates the tip region of one embodiment of a catheter that maybe used with 
the present invention; 

[0019] FIG. 3 illustrates an alternative embodiment of the catheter of FIG. 2; 

[0020] FIG. 4 illustrates yet another embodiment of the catheter used with the invention; 

[0021] FIG. 5 illustrates a deformable tip for a catheter; 

[0022] FIG. 6 depicts still another catheter embodiment; 

[0023] FIG. 7 is a perspective view of an exemplary malleable cryogenic probe that may be 
used with the present invention; 

[0024] FIG. 8 is a perspective view of the exemplary cryosurgical probe of FIG. 7 including 
an adjustable insulation sleeve; 

[0025] FIG. 9 is a perspective view of the insulation sleeve of FIG. 8; 

[0026] FIG. 10 is an expanded view of the bellows tip configuration of FIG. 7; | 

[0027] FIG. 1 1 is a sectional view of the handle of the exemplary cryosurgical probe of FIG. 
7; and 

i 
i 
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[0028] FIG. 12 is a sectional view of the helically coiled fluid supply line of FIG. 1 1 
including finned tubing; 

[0029] FIG. 1 3 is a schematic depiction of the chambers of the heart showing placement of 
the catheter of FIG. 2; 

[0030] FIG. 14 is an illustration of the areas of the heart that receive treatment in accordance 
with the present invention; 

[0031] FIG. 1 5 is an alternative view showing the areas of the heart that receive treatment in 
accordance with the present invention including the location of the cooling device; 

[0032] FIG. 16 is a perspective view of the areas of the heart that receive treatment in 
accordance with the present invention including the location of the cooling device for both 
mapping and ablation; and 

[0033] FIG. 17 is a graph illustrating the temperature ranges for mapping and ablation of the 
heart in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] The present invention uses a device to cool and/or freeze bundles of nerve tissue at 
strategic locations on a patient's heart during surgery in order to prevent the occurrence of post- 
operative atrial fibrillation. One type of cooling device that is compatible for use with the 
present invention is disclosed in U.S. Patent No. 6,669,689, the disclosure of which is 
incorporated herein by reference. Preferably, the device is placed on the posterior surface of the 
left atrium proximate the Ligament of Marshall (LOM) or near on the superior portions of the 
left and right atriums where are located the richly enervated fat pads at these locations. This is 
done to ablate the sympathetic nerves within the LOM. It is the over-stimulation of the 
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sympathetic pathway which often leads to atrial fibrillation. In an alternate embodiment, the 
device is placed directly on the LOM and the LOM is cooled by the device in order to 
temporarily disable the nerves around the LOM and act as an anesthetic. Unlike other 
denervation procedures that incorporate invasive and non-reversible incisions, the cooling and/or 
freezing of specific locations in the heart has a reversible effect on the nerves. Alternatively a 
similar approach can be used near the atrial fat pads. 

[0035] FIG. 1 is a schematic illustration of a cryosurgical system 10 used accordance with the 
invention. The system 10 includes a supply of cryogenic or cooling fluid 12 in communication 
with the proximal end 14 of a cryogenic catheter 16. Although a catheter is shown in the 
cryosurgical system of FIG. 1, the present invention will operate with other ablation devices. In 
the foregoing discussion, reference will be made to an ablation or cooling device but all points 
and discussion will apply as well to flexible, semi-rigid, or rigid catheters and probes type 
devices, as well as devices using combinations and portions thereof. 

[0036] Referring once again to FIG. 1, fluid controller 18 is interposed or in-line between the 
cryogenic fluid supply 12 and the catheter 16 for regulating the flow of cryogenic fluid into the 
catheter in response to a controller command. Controller commands can include programmed 
instructions, sensor signals, and manual user input. For example, the fluid controller 1 8 can be 
programmed or configured to increase and decrease the pressure of the fluid by predetermined 
pressure increments over predetermined time intervals. In another exemplary embodiment, the 
fluid controller 18 can be responsive to input from a manual control, such as a foot pedal 20, to 
permit flow of the cryogenic fluid into the catheter 16. 

[0037] One or more flow controllers or temperature sensors 22 in electrical communication 
with the controller 1 8 can be provided to regulate or terminate the flow of cryogenic fluid into 
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the catheter 16 when a predetermined temperature at a selected point or points on or within the 
catheter is/are obtained. For example, a temperature sensor can be placed at a point proximate 
the distal end 24 of the catheter and other temperature sensors 22 can be placed at spaced 
intervals between the distal end of the catheter 16 and another point that is between the distal end 
24 and the proximal end 14. 

[0038] The cryogenic fluid used can be in a liquid state, a gas state, or mixed phase. An 
extremely low temperature can be achieved within the catheter, and more particularly on the 
surface of the catheter by allowing a liquid state cryogenic fluid to boil or vaporize, or by 
allowing a gas state cryogenic fluid to expand. Exemplary liquids include 
chlorodifluoromethane, polydimethylsiloxane, ethyl alcohol, HFCs such as AZ-20 (a 50-50 
mixture of difluoromethane & pentafluoroethane sold by Allied Signal), and CFCs such as 
DuPont's Freon. Exemplary gasses include nitrous oxide, argon, and carbon dioxide. 

[0039] Catheter 16 includes a flexible member 17 having thermally-transmissive region 26 
and a fluid path through the flexible member 1 7 to the thermally-transmissive region 26. A fluid 
path is also provided from the thermally-transmissive region 26 to a point external to the 
catheter, such as the proximal end 14. Exemplary fluid paths can be one or more channels 
defined by the flexible member 17, and/or by one or more additional flexible members that are 
internal to the first flexible member 17. Also, even though many materials and structures can be 
thermally conductive or thermally transmissive if chilled to a very low temperature and/or cold 
soaked, as used herein, a "thermally-transmissive region" is intended to broadly encompass any 
structure or region of the catheter 16 that readily conducts heat. 

[0040] For example, a metal structure exposed (directly or indirectly) to the cryogenic fluid 
path is considered a thermally-transmissive region 26 even if an adjacent polymeric or latex 
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catheter portion also permits heat transfer, but to a much lesser extent than the metal. Thus, the 
thermally-transmissive region 26 can be viewed as a relative term to compare the heat transfer 
characteristics of different catheter regions or structures. 

[0041] Furthermore, while the thermally-transmissive region 26 can include a single, 
continuous, and uninterrupted surface or structure, it can also include multiple, discrete, 
thermally-transmissive structures that collectively define a thermally-transmissive region that is 
elongate or linear. Depending on the ability of the cryogenic system, or portions thereof, to 
handle given thermal loads, the ablation of an target nerve tissue can be performed in a single or 
multiple cycle process without having to relocate the catheter one or more times or drag it across 
tissue. 

[0042] In exemplary embodiments of the invention, the thermally-transmissive region 26 of 
catheter 16 may be deformable. An exemplary deformation is from a linear configuration to an 
arcuate configuration and is accomplished using mechanical and/or electrical devices known to 
those skilled in the art. For example, a wall portion of the flexible member 17 can include a 
metal braid to make the catheter torqueable for overall catheter steering and placement. 
Additionally, a cord, wire or cable can be incorporated with, or inserted into, the catheter for 
deformation of the thermally transmissive region 26. 

[0043] Having described the function of the cryogenic catheter 16 and its use in a system 
context, several exemplary embodiments of the thermally-transmissive region 26 of the catheter 
16 are now described in greater detail. FIGS. 2-6 illustrate embodiments of the catheter, or 
portions thereof, having two or more thermally-transmissive segments in a spaced-apart 
relationship. Each of the illustrated catheters includes a closed tip 28 that can include a 
thermally-transmissive material. 



9 



[0044] Referring specifically to the embodiment depicted in FIG. 2, multiple thermally- 
transmissive elements 30 are integral with a distal portion of a catheter. Each of the thermally- 
transmissive elements 30 includes a first side or face (not shown) exposed to a cryogenic fluid 
path and cryogenic fluid and a second side or face (not shown) exposed to points exterior to the 
catheter. The first side and/or second side of any or all of the thermally-transmissive elements 
30 can be substantially flush with, recessed below, or protruding from the inner surface and outer 
surface of a portion of the catheter. The thermally-transmissive elements 30 are separated by 
flexible portions of material 32 than can range from slightly less thermally-transmissive than the 
adjacent thermally-transmissive elements to substantially less thermally-transmissive than the 
adjacent elements. 

[0045] In the illustrated embodiment of FIG. 2, the thermally-transmissive elements 30 are 
annular, cylindrical elements which are made of gold-plated copper or bronze. Thermocouples 
34 can be associated with one or more of the elements 30 and the tip 28. The thermally- 
transmissive elements 30 can be completely exposed, embedded, or a combination thereof along 
the full 360 degrees of the catheter's circumference. In certain applications the thermally- 
transmissive elements traverse or define less than 360 degrees of the catheter's circumference. 
The longitudinal width of each thermally-transmissive element 30, the spacing between 
elements, the material thickness, and the material composition are matched with a selected 
cryogenic fluid, one or more cryogenic fluid delivery locations within the catheter and fluid 
delivery pressure to produce overlapping cold regions which produce a linear lesion. 

[0046] The embodiment illustrated in FIG. 3 is substantially identical to the embodiment of 
FIG. 2, however, at least one of the thermally-transmissive elements 30 includes a first open end 
36 that defines a first plane and a second open end 38 that defines a second plane, wherein the 
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first and second planes intersect to give the annular elements a wedge-like appearance. Such a 
configuration permits adjacent thermally-transmissive elements 30 to be positioned very closely 
together, but it can limit the possibilities for deforming the thermally-transmissive region 26, 
which, in this embodiment, is flexible in the direction indicated by the arrow. 

[0047] With respect to the embodiments shown in both FIGS. 4 and 5, the thermally- 
transmissive elements 30 are substantially rigid and are separated and/or joined by a flexible 
material 40. However, in other embodiments the thermally-transmissive elements 30 are flexible 
and are interdigitated with either rigid or flexible segments. FIG. 4, for example, illustrates an 
embodiment of the cryogenic catheter having three thermally-transmissive elements 30 that are 
flexible. The flexibility is provided by a folded or bellows-like structure 42. In addition to being 
shapeable, a metal bellows can have enough stiffness to retain a selected shape after a deforming 
or bending step. 

[0048] Instead of, or in addition to, flexible, thermally-transmissive elements 30 and/or 
flexible material 40 between elements, the distal tip 28 (or a portion thereof) can be deformable. 
For example, FIG. 5 illustrates a tip 28 having thermally-transmissive, flexible, bellows 42. 

[0049] FIG. 6 illustrates still another embodiment of a cryogenic cooling structure that 
includes a surface or wall 44 including a polymer or elastomer that is thin enough to permit 
thermal transfer. For example, polyamide, PET, or PTFE having a thickness of a typical 
angioplasty balloon or less (below 0.006 inches) provides acceptable thermal transfer. However, 
the thinness of the wall 44 allows it to readily collapse or otherwise deform under vacuum or 
near vacuum conditions applied to evacuate fluid/gas from the structure. Accordingly, the 
structure is provided with one or more supporting elements 46 such as a spring. The cooling 
structure is illustrated in association with a catheter 48 having a closed distal tip 50 and mono or 
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bipolar ECG rings 52, 54, 56. The thermally-transmissive region is approximately 30 mm in 
length and is effective for thermal transfer over its entire circumference. However, the thermally- 
transmissive region may be confined to specific region(s) of the device's circumference. 

[0050] An illustration of another type of ablation device that may be used in accordance with 
the present invention is a cryogenic probe of the type shown in FIG. 7. The probe includes a 
relatively thin and malleable tube suitable for epicardial procedures. At least a portion of the 
tube has a high thermal conductivity. An even smaller and coolant supply tube is contained 
within the outer exhaust tube and terminates at a small nozzle within, and adjacent the end of, the 
distal tip thereof. 

[0051] A gas, such as argon or nitrous oxide, from a high pressure source is then passed 
through the inner tube and expands from the nozzle at its end. This cools the tip by the well 
known Joule-Thompson effect. When sufficient cooling or freezing has taken place, the input 
can switch to a low pressure gas supply. The low pressure, substantially room temperature, gas 
simply floods the entire tube and tip to warm, and thereby defrost, the tip to reverse any 
cryoadhesion and permit the probe to be withdrawn. 

[0052] As shown in FIG. 7, one embodiment of a cryogenic probe 58 includes a handle 60 
with a shaft 62 extending therefrom, where the shaft 62 includes a thermally-transmissive region 
64 distal to the handle 60. Flexible member 66 and connector 68 are affixed to the handle 60 for 
connecting the probe 58 to a control unit 18 (shown in FIG. 1). The handle 60 facilitates 
handling and manipulation of the shaft 62 and thermally-transmissive region 64, and can include 
controls for regulating the shape and function of the shaft 62 and the thermally-transmissive 
region 64. 
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[0053] The shaft 62 can be semi-rigid, having rigidity such that the shaft 62 retains one shape 
until being influenced to a further shape by the application of moderate pressure on the shaft 62. 
The malleability stiffness of the shaft 62 can vary depending upon the desired application. The 
stiffness of the shaft 62 is generally such that a surgeon can bend the shaft 62 by hand to a 
desired contour with the application of moderate pressure. However, it is understood that its 
stiffness may, as a whole or in particular regions, may be such that additional tools, e.g., pliers, 
are required or desirable for exerting enough force to change the shape of the shaft 62. In an 
exemplary embodiment, shaft 62 can have a length from about 15 cm to 60 cm. The thermally- 
transmissive region 64 can be flexible, passively or selectively deformable and can assume a 
linear, curved, circular or irregular shape as required to conform to a tissue surface to be treated. 
The shape of the thermally-transmissive region 16 can be controlled using pull wires and shims. 

[0054] Alternatively, the thermally-transmissive region 64 can be semi-rigid, having rigidity 
such that the thermally-transmissive region 64 retains one shape until being influenced to a 
further shape by the application of moderate pressure on the thermally-transmissive region 64. 
The malleability stiffness of the thermally-transmissive region 64 can vary depending upon the 
desired application. The stiffness of the thermally-transmissive region 64 is generally such that a 
surgeon can bend the thermally-transmissive region 64 by hand to a desired contour with the 
application of moderate pressure. However, it is understood that its stiffness may, as a whole or 
in particular regions, may be such that additional tools, e.g., pliers, are required or desirable for 
exerting enough force to change the shape of the thermally-transmissive region 64. 

[0055] As shown in FIG. 8, an adjustable insulation sleeve 69 can be placed about the shaft 
62 and the thermally-transmissive region 64, where the adjustable insulation sleeve 69 is 
actuated with a slidable lever 71 on the handle 60. The adjustable insulation sleeve 69 can be 
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used to increase or decrease the exposed portion of the thermally-transmissive region 64, 
allowing for selective tissue treatment. Additionally, the adjustable insulation sleeve 69 protects 
adjacent tissue from being damaged. For example, where the thermally-transmissive region 64 
has a longitudinal length of about 100 mm, the adjustable insulation sleeve 69 can be used to 
vary the exposed portion of the thermally-transmissive region 64 from about 10 mm to about 100 
mm. 

[0056] In an alternative embodiment, as shown in FIG. 9, a flexible insulation sleeve 70 can 
be placed about the shaft 62 and the thermally-transmissive region 64, where the insulation 
sleeve 70 includes a slotted segment 72,which only partially circumferences the thermally- 
transmissive region 64. The slotted segment 72 forms a partial circumferential blanket or 
insulating pad, which prevents thermal action from affecting tissue on one side of the thermally- 
transmissive region 64, while leaving the other side exposed for contact with tissue. 

[0057] Alternatively, the insulation sleeve 70 can have rigidity such that the insulation sleeve 
70 retains one shape until being influenced to a further shape by the application of moderate 
pressure on the insulation sleeve 70. The malleability stiffness of the insulation sleeve 70 can 
vary depending upon the desired application. The stiffness of the insulation sleeve 70 is 
generally such that a surgeon can bend the insulation sleeve 70 by hand to a desired contour with 
the application of moderate pressure. However, it is understood that its stiffness may, as a whole 
or in particular regions, may be such that additional tools, e.g., pliers, are required or desirable 
for exerting enough force to change the shape of the insulation sleeve 70. Additional details 
regarding the malleable shaft and insulation feature are disclosed in U.S. Patent No. 6,270,476 
which is incorporated herein by reference. 
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[0058] The handle 60, shaft 62, and thermally-transmissive region 64 are substantially hollow 
and define a lumen to accommodate one or more conduits, wires and/or tubes that can ultimately 
extend to the distal end of the probe. Generally, the conduits and/or wires extend proximally 
from the handle 60 through the tubing 66 for connection to the control unit 1 8 as described above 
with respect to FIG. 1 . In one embodiment, an electrical conduit, a vacuum conduit and a 
refrigerant conduit extend within the lumen. The electrical conduit provides a passageway for 
electrical leads to one or more devices, such as at least one thermocouple disposed within the 
distal portion of the probe for providing temperature information. 

[0059] FIG. 10 is an expanded view of a bellows configuration 74, wherein the bellows 
configuration 74 includes a plurality of hollow annular portions 76 joined together at their inner 
ends 78 and spaced apart at their outer radial ends 80. The hollow annular portions 76 are joined 
in such a manner to allow the hollow annular portions 76 to bend or deflect with respect to 
adjacent hollow annular portions 76. 

[0060] The multiple hollow annular portions 76 are integrated about the circumference of and 
longitudinally traverse the thermally-transmissive region 64 such that the interior 82 of each 
hollow annular portion 76 is exposed to the fluid pathway and fluid (shown by arrows). The 
hollow annular portions 76 and thermally-transmissive region 64 are substantially hollow and 
define an outer lumen 84 to accommodate one or more inner lumens, wires and/or tubes that can 
ultimately extend to the distal end of thermally-transmissive region 64. For example, the 
controller 18, as shown in FIG. 1, allows or causes cryogenic fluid to flow from the cryogenic 
fluid supply 12 to the fluid path in the catheter 16 and thence through the thermally-transmissive 
region 64 and the hollow annular portions 76 to thermally treat the desired area. 
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[0061] The longitudinal length of the thermally-transmissive region 64 and the radial height 
and spacing of the hollow annular portions 76 are configured such that the thermally- 
transmissive region 64 can be deflected about a radius without impeding the fluid pathways 
through the thermally-transmissive region 64. The hollow annular portions 76 also result in an 
increase in the surface area of the thermally-transmissive region 64. The longitudinal length "L" 
of the thermally-transmissive region 64 can be about 10 mm to 100 mm, and have a diameter "d" 
of about 1 mm to 6mm. The hollow annular portions 76 are spaced apart along the thermally- 
transmissive region's longitudinal length at a distance "w," such that the thermally-transmissive 
region 64 can be deflected about an arc without the thermally-transmissive region 64 or the 
hollow annular portions 76 kinking. 

[0062] In an exemplary embodiment, the outer radial ends 78 and the inner ends 78 have 
about a 0.5 mm radius 76 the depth of the spaces between the hollow annular portions 76 is 
about 2 mm. The hollow annular portions 76 have limited axial compression and have a kink 
radius of less than 15mm. 

[0063] The thermally-transmissive region 64 is illustrated having three flexible members or 
injection tubes 86, 88, and 90 disposed within the outer lumen 84. The inner flexible members 
86, 88, and 90 are arranged in a staggered configuration within the outer lumen 84. As used 
herein, the term "staggered 11 may be used to designate both a linearly/axially staggered 
configuration and alternatively, a rotationally staggered configuration. The flexible members 86, 
88, and 90 thus define multiple staggered fluid paths within the outer lumen 84. In such a 
configuration, the injection tubes 86, 88, and 90 allow for greater aggregate cooling power as 
well as the creation of a variety of different cooling/freeze zones along the length of the outer 
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lumen 84. Additionally, alternative configurations may be utilized for defining a fluid path into 
and out of the thermally-transmissive region 64. 

[0064] Referring to FIG. 11, the handle 60 can include a heat exchanger where a helically 
coiled fluid supply line 92 is disposed within the outer lumen 84. The helically coiled fluid 
supply line 92 is connected to the injection tubes 86, 88, and 90, supplying fluid to the thermally 
transmissive region 64. The expanded gas is exhausted through the outer lumen 84 over the 
helical gas supply line, pre-cooling and condensing the incoming fluid allowing the thermally 
transmissive region 64 to obtain lower temperatures. The helically coiled fluid supply line 92 is 
made of metal or another material that readily conducts heat. For example, the helically coiled 
fluid supply line 92 can be made from nickel, copper, silver, gold, aluminum, stainless steel, or 
other suitable conductive material. 

[0065] In one embodiment, as shown in FIG. 12, the helically coiled fluid supply line 92 is 
made with finned tubing, with numerous fins 94 throughout its length. The expanded gas is 
exhausted through the outer lumen 84 over the helical gas supply line 92 and between the fins 
94, pre-cooling and condensing the incoming fluid allowing the thermally transmissive region 64 
to obtain lower temperatures. 

[0066] The cryogenic systems are better understood with reference use in operative 
procedures. For example, as shown in FIG. 13 a catheter-based device can be used for an 
endocardial approach to tissue. Following the determination of a proposed lesion site within a 
heart chamber 96, the catheter 16 is directed through a blood vessel 98 to a region within the 
heart 100, such as an atrial or ventricular chamber, where the lesion will be made. The 
thermally-transmissive region 26 is placed proximate the nerve tissue to be ablated. The 
thermally-transmissive region of the catheter may be deformed to conform to the curvature of the 
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nerve tissue before, during, or after placement against the tissue. The controller 1 8 allows or 
causes cryogenic fluid to flow from the cryogenic fluid supply 12 to the fluid path in the catheter 
16 and thence to the thermally-transmissive region 26 to ablate the desired area or to cold map 
along the same target nerve area. 

[0067] Turning now to FIG. 14, a right posterior view of the heart is shown that illustrates 
possible treatment locations on the exterior surface of the heart for epicardial procedures 
performed with a rigid or semi-rigid probe, such as the device of FIG. 7. The shaded area 102 
between the left inferior pulmonary vein (LIPV) 104 and the right inferior pulmonary vein 
(RIPV) 106 are treated by cooling or freezing tissue in order to modify the sympathetic nerve 
activity within the heart. This location is near the Ligament of Marshall (LOM), a vestigial fold 
of the pericardium located in the back of the left auricle, running from the coronary sinus upward 
to the left superior pulmonary vein. Another location of nerve tissue is between the superior 
vena cava and the inferior vena cava. The arrows shown in FIG. 14 represent nerve conduction 
pathways throughout the heart. 

[0068] FIG. 15 illustrates a posterior top view of the heart. Once again, the shaded areas 102 
represent target nerve locations that are to receive refrigerant from the ablation device. Several 
ablation devices are shown at various points on the surface of the heart where lesions might be 
made. For example, in an exemplary procedure, a probe is placed directly on the Ligament of 
Marshall and cooled to disable the nerves for a period of 20 to 30 days. To provide 30 days of 
pain relief following a thoracotomy, the probe and adjacent tissue are cooled to -80° C for 
approximately 60 to 120 seconds. 

[0069] FIG. 16 once again shows the heart in a posterior top view. Shaded areas 104 
represent nerve regions that may be cooled or cryoablated in order to effectively reduce the 
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likelihood of atrial fibrillation. FIG. 16 also shows an ablation device that may be used to cold 
or ice map locations in the heart prior to cryoablation of the target nerve tissue. In some 
instances, the mapping may be done at one location, whereas the actual ablation may be 
performed at another location. 

[0070] FIG. 17 is a graphical representation of temperature vs. time. Mapping begins when 
the nerve tissue is cooled by the refrigerant delivered by the ablation device to a temperature of 
approximately 37 degrees Celsius. When the nerve tissue is cooled to a temperature of 
approximately -30 degrees Celsius, cryoablation occurs. However, cryoablation is more 
effective at a temperature of about -80 degrees Celsius. 

[0071] It will be appreciated by persons skilled in the art that the present invention is not 
limited to what has been particularly shown and described herein above. In addition, unless 
mention was made above to the contrary, it should be noted that all of the accompanying 
drawings are not to scale. A variety of modifications and variations are possible in light of the 
above teachings without departing from the scope and spirit of the invention, which is limited 
only by the following claims. 
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